Extract of traditional Tibetan herbal remedy Padma 28 revealed suppressive effects on neopterin production and tryptophan degradation in mitogen-stimulated peripheral blood mononuclear cells (PBMC). One of the questions was to asses the robustness of the Tibetan way of formulating herbal multicomponent medicines. Can small changes affect the effectiveness of the formula? In this study, effect ϋ ί a derivative multicomponent mixture was investigated in stimulated and unstimulated human PBMC in vitro. Neopterin production and tryptophan degradation were measured in supernatants of PBMC in the presence or absence of mitogens phytohacmagglutinin and concanavalin A. Stimulation of PBMC induced neopterin formation and tryptophan degradation, and the herbal multicomponent mixture inhibited both immunobiochemical effects in a dose-dependent way. Higher concentrations were more effective and were able to completely block the pathways induccd upon mitogenic stimulation. When comparing the results obtained with those observed earlier using Padma 28, there was no obvious difference between the two different preparations. Data allow to conclude that Padma 28 and its modified version is equally able to suppress immunobiological effects in stimulated PBMC.
Introduction
The importance ot traditional medicine in natural product drug discovery related to immunodrugs is becoming more and more important ( 1 ) . Botanicals are chemically complex and diverse and could therefore provide appropriate combinations of synergistic moieties useful in drug discovery. Padma 28 largely corresponds to a herbal formula which was used in Poland in the first half of the 20"' century against chronic inflammatory diseases. A large number of patients especially in Europe has been taking Padma 28 in the past twenty to thirty years, and promising results have been observed in intermittent claudication (2) and chronic active hepatitis Β (3), and in an animal model of atherosclerosis (4) . Because immune activation and inflammation are strongly involved in the pathogenesis of these clinical conditions (5) , it appears reasonable that the beneficial effects of Padma 28 may involve the modulation of immune system functions, e.g., Padma 28 may influence the production and secretion of cytokines (6) .
Recently the production of neopterin by GTP-cyclohydrolase I and the conversion of tryptophan by indoleamine 2,3-dioxygenase (IDO) in mitogen-stimulated peripheral blood mononuclear cells (PBMC) were found to be suppressed by Tibetan herbal multicomponent extracts in vitro (6) . Both these biochemical pathways are stimulated by Th 1-type cytokine interfcron-γ (IFN-γ) in inonocyte-derived macrophages (7) (8) (9) . This effect on stimulated PBMC is most likely due to the suppression of the production of pro-inflammatory cytokine IFN-γ. Data suggest an anti-inflammatory effect on the T-cell/macrophage interaction (6). These observations could also relate to pro-apoptotic effects of Padma 28 which could be partially abrogated by Bcl-2 over-expression (10) . Likewise, Padma 28 was found to activate aPKC-zeta and iota kinase activity in In the present study we assessed the robustness of the Tiebatn way of formulating herbal multicomponent medicines, and if small changes affect the anti-inflammatory effectiveness of the formula. As an example we analysed a modified mixture of Padma 28. In the modified mixture. Scintali rubri lignum and Aconiti tuber were omitted and Meline tousendfriictiis reduced compared to the original formula. In this study, the influence of this adapted mixture on PBMC by determination of neopterin formation and tryptophan degradation was investigated in stimulated and unstimulated PBMC of healthy donors. Results were compared to the earlier findings with Padma 28. (6) . The absence of heavy metals and organo-phosphatcs is controlled by analysis of the formulated product by high pressure liquid chromatography (HPLC).
Materials and methods

Test compound
Stock solutions were prepared in EtOH 70% v'\ ). MeOH, and DMSO (1:1 distilled water) and kept at -20°C. Briefly, powdered remedy (400 mg) was vigorously mixed in a total volume of 2 ml of solvent and shaken for 30 min. at 37°C. The mixture was centrifuged at 2000xg for 10 min. and the supernatants were sterile-filtered (pore size 0.22 μηι).
Cellular assay
PBMC were isolated from whole blood obtained from healthy voluntary blood donors by density centrifugation (Lymphoprcp, Nycomed Pharma AS, Oslo, Norway). Cells were maintained in RPMI 1640 (PAA Laboratories, Linz. Austria) supplemented with 10% heat-inactivated fetal calf serum (Biochrom, Berlin, Germany), 2mM L-glutamine (Serva, Heidelberg, Germany) and 50 μg/ml gentamycin (Bio-Whittaker, Walkersville, MD). Cells were seeded at a density of 3x107ml and stimulated with 10 μg/ml concanavalin A (Con A, Sigma, Vienna, Austria) and phytohacmagglutinin (PHA, Sigma). Isolated cells were treated with 0.1 -2°« extract in complete medium for 48 hours. Culture supernatants were harvested by ccntrifugation and frozen at -20°C until measurement. Viability of cells after stimulation was controlled by the trypan blue exclusion method. All experiments were performed in triplicates and with cells from three different donors.
Measurement of neopterin, tryptophan and kynuren i ne
concentrations Tryptophan and kynurenine were measured by high performance liquid chromatography (HPLC) as described before, using 3-nitro-L-tyrosine as external standard (11) . The kynurenine to tryptophan ratio (kyn/trp) was calculated and expressed as μιτιοί kynurenine per mmol tryptophan (12) . Neopterin was determined by ELISA (BRAHMS, Berlin, Germany) according to the manufacturer's instructions with a detection limit of 2 nmol/1.
Statistics
For comparison of grouped data, Student's t-test was applied. P-values below 0.05 were considered to indicate significant differences.
Results
In unstimulated PBMC average neopterin concentration was (mean ± S.E.M.) 4.7 ± 0.4 nmol/1. Coincubation of unstimulated cells with the herbal extracts slightly reduced neopterin production (Fig. 1 ) . Incubation of PBMC with Con A ( 10 μ §/ιπ1) and PHA (10 μ §/Ίτι1) increased production of neopterin significantly reaching 27.3 ± 3.2 nmol/1 and 27.5 ± 2.7 nmol/1, respectively (p <0.001). Additional treatment of stimulated PBMC with the mixture, strongly downregulated neopterin formation compared to cells not exposed to the multicomponent, and this was true in a concentration-dependent manner ( Fig. 1) : already the addition of 0.1 % of extracts suppressed neopterin production (P <0.01). Treatment of stimulated cells with 2 % herbal extracts completely abrogated the stimulatory effect of mitogens Con A or PHA with respect to the increased neopterin production (Fig. 1 ) . To monitor tryptophan degradation by IDO, concentrations of tryptophan and of kynurenine concentrations was measured in culture supernatants: in unstimulated PBMC, no significant alteration in tryptophan or kynurenine levels in culture supernatants in response to herbal extracts 0.1 or 0.2 % was observed (Table I ) . When 1 -2 % of the plant mixture was added, a slight reduction of both, tryptophan and kynurenine concentrations, was observed. Incubation of PBMC with Con A or PHA results in a strong dccrcasc of tryptophan concentrations accompanied by an increase of kynurenine levels ( Table 1 ). The multicomponent effectively decreased mitogen stimulated tryptophan degradation in a conccntration-dependcnt manner: in cells stimulated with Con A, 0.2 % of the herbal mixture exhibited a significant suppressive effect on tryptophan degradation, whereas 1 % of the herbal extracts were needed in cells stimulated with PHA to achieve a significant cffcct (Fig. 2) . In stimulations with both mitogens. Con A or PHA, addition of 2 % of the herbal extracts reduced tryptophan degradation to control levels.
When the results of this study using the modified multicomponent were compared to earlier findings made with Padma 28 (Table 1) , it becomes clear that both mixtures had very similar capacity to suppress tryptophan degradation in the mitogen-stimulated PBMC.
A marked coincidence existed between increasing neopterin concentrations and kyn/trp in supernatants of PBMC. In all the experiments, cell viability remained unchanged.
Discussion
This study shows that the herbal extracts diminish the production of neopterin and the degradation of tryptophan in stimulated human PBMC from healthy donors stimulated with mitogens Con A and PHA. Changes of neopterin production concurred with tryptophan degradation, which agrees well with the known background of these biochemical events, namely neopterin production and tryptophan degradation were shown earlier to be induced by the cytokine I FN-γ (5, 13, 14) . Increased neopterin production and accelerated tiyptophan degradation in stimulated cells indicate that macrophages in the PBMC preparation were stimulated by T-ccll-derived IFN-γ. Therefore, the suppressive effect of the herbal extract most probably results from an inhibitory activity of the remedy on IFN-γ production.
The observations made in this study favorably compare with results obtained with Padma 28, when the same methodology was applied (6) . There was an almost identical effect of the modified mixture as compared with Padma 28 (Table 1 ) . Thus, our study allows to conclude that the immunomodulatory potential of both preparations is similar although the analyzed mixture lacks two components namely Aconiti tuber and Suntali rubri lignum. Thus, these constituents appear to be of no crucial relevance for the immunomudulatory effect observed in our assay system, and the suppressive effect o on stimulation-induced neopterin formation and tryptophan degradation is caused by components still present in the modified mixture. It seems as if the Tibetan way of mixing ingredients into complex mixtures results in patterns of activity that are rather robust against change of individual components. This may be due to the fact that the individual components are only present in minute amounts and blend into a mixture with similar activity. Apparently most plants in the Tibetan formula have similar activities. These results cannot be extrapolated in a straightforward way to other observed activities of the original formula. Further research will be needed to elucidate the mechanisms of this robustness.
A wide range of biological activities has been ascribed to various constituents of Padma 28, including tannins (gallotannins and catechin tannins), phytophenolie stilbenes, flavonoids (quercetin, isoquercetin, 7-glycoside of luteolin, 7-glycoside of apigenin), and lactones (coumarin), ultimately correlating with anti-inflammatory, anti-artherosclerotic and antigrowth properties (15) . Pentacyclic triterpene betulinic acid showed selective toxicity against cultured human melanoma cclis (16) . Thereby, betulinic acid was capable of inhibiting the growth of human cancer cells through the process of apoptosis and second, the durability of the action. Furthermore, the compound showed a complete lack of toxicity, and was effective at very low doses (16) . Also in our study, the mixture had no toxic effect, this was true even at high concentrations. Resveratrol might represent one of the compounds most likely involved in down-regulatory effect in our experiments. Data fit well to results from an earlier study in which resveratrol was found to influence functional response of Τ cells (17) . Earlier we have observed that green and black tea (18) , as well as wine (19) , all these beverages are rich in resveratrol and all inhibited neopterin production and tryptophan degradation in stimulated PBMC. The same was true for pure resveratrol (20) , and all the results were very similar to the herbal extract in this study. Resveratrol was also found earlier to inhibit lipopolysaccharide-(LPS)-stimulated transactivation of pro-inflammatory transcription factor nuclear factor NF-KB (20) . This stilbene also strongly inhibits by reducing the expression of inducible nitric oxide synthase (iNOS) in activated macrophages (21, 22) .
Tryptophan degradation is accelerated during cellular immune activation, and enhanced kyn/trp correlates closely with neopterin concentrations in various diseases (5, 13. 14). Neopterin production and tryptophan degradation are induced in parallel in human monocytic cells, in PBMC and m dendritic cells (7, 8) . Tryptophan degradation and thus an increase of kyn/trp are inducible in several cells of various species, whereas significant production of neopterin in humans is specific for activated monocyte-derived macrophages and dendritic cells (13) . Tryptophan concentrations may decrease in patients suffering from diseases which arc associated with immune activation, and because neurotransmitter 5-hydroxy-tryptamine (serotonin) biochemically derives from tryptophan lowered tryptophan availability seems crucial for an increased susceptibility of depression in such patients (23) . Thus, the ability of the plant mixture to slowdown tryptophan degradation may explain why the remedy was found to improve mood disturbances. Interestingly, also extracts of antidepressant Hypericum perforatum ( St.John's wort) were found to interfere with mitogen-induced tryptophan conversion (24) .
It seems reasonable that the in vitro effects of the extracts are due to their antioxidant ability because the stimulation of PBMC by mitogens elicits oxidative stress in cultures. The herbal extract may interfere with redox-sensitive signal transduction pathways which are activated in the cells. In our study, the herbal extract inhibited neopterin production and tryptophan degradation in stimulated PBMC, both immunobiological effects being linked with IFN-y-activity. Because IFN-γ also potently induces production and release of reactive oxygen species (ROS) (25) , compounds in the multicomponent extracts may not only act as chemical antioxidants, by reducing effects mediated by IFN-γ they may also reduce the production of ROS. Likewise, Padma extract was found to inhibit the respiratory burst in human neutrophils (26) .
It is still questionable to what extent one can extrapolate results from our in vitro experiments using a complex mixture of compounds as present in Padma 28, to possible effects in humans. Not all of the compounds can be efficiently resorbed, and a gradient is existing between the concentrations present in the remedy and the one established in the blood. However, at least in the gastrointestinal tract one can assume the presence of all ingredients and also at reasonable concentrations which may make antioxidant réactions more likely (27) . Especially the antioxidant capacity of ingested compounds could be of relevance to establish or shift the redox equilibrium in the gut which could then be of benefit for the whole organism.
In conclusion, the herbal mixture is able to suppress immunobiological events in mitogen-treated PBMC equally well as Padma 28. Data suggest that polyphenols are important and the multicomponent herbal preparations are to a certain degree robust towards slight modifications.
